Many microorganisms can tolerate high-temperature ranges from 37˚C -45˚C are called thermotolerant microorganisms. Eighteen such isolates containing various microorganisms were collected from the natural fermented products of Bangladesh in summer for bioethanol production. Cultural, morphological, physiological, biochemical and genetical analysis were carried out under various physiological conditions. Among them, two thermotolerant strains Tari-6, isolated from the Tari (an overnight natural fermented palm juice at around 33˚C -40˚C) and Pvt-1, isolated from the Pantavat (an overnight natural fermented rice soaked with tap water at around 35˚C -37˚C), produced high amount of bioethanol, 7.5% (v/v) and 6.5% (v/v), respectively at 37˚C. Furthermore, a partial 26S rDNA sequencing results confirmed that the Tari-6 and Pvt-1 encoded Pichia galeiformi and Pichia guilliermondii, respectively, and later one could grow well in media containing Xylose. Our results conclude that these two yeast strains are the potential candidates for bioethanol production.
Introduction
The production of pure ethanol apparently began in the [12] [13] [14] th century along with improvements in the art of distillation permitting the condensation of vapors of lower boiling liquids. During the middle ages, alcohol was not only used for the production or as a constituent of medical drugs, but also for the manufacture of painting pigments and other chemical industries [1] . It was only in the 19 th century that this trade became an industry with enormous production, due to economic improvements of the distilling process [2] . Nowadays, ethanol is an important industrial chemical with emerging potential as a biofuel to replace vanishing fossil fuels [3] . The use of fossil fuel produces various toxic gases which cause environmental problems. Therefore, the issues of global warming and energy crisis, which are created by using fossil fuels are two major challenges in the fast growing world [1] [4] . Biofuels are one of the main renewable sources, which can contribute to overcome these problems [5] . It has been dubbed a future fuel. It can be blended with gasoline to reduce the emission of CO 2 , NO 2 and hydrocarbons after combustion relative to that of gasoline alone [6] .
In spite the various advantages of biofuel as a fuel the economic competitiveness with gasoline still remains an issue. To overcome this matter the use of cheap raw materials for the production of biofuel is one of the most promising methods. In this regard, numerous attempts to produce biofuel from various cheap and renewable resources such as from rice hulls, sugar cane leaves, bagasses, microalgae, sorghum, straw, industrial waste, industrial, urban and agriculture residues and corn etc have been reported [7] [8] . These important sources contain sufficient amount of carbohydrates, which can be used for biofuel production. Two biological processes are needed for biofuel production. One is saccharification that requires various enzymes, is the key step for sugar production and the other one is through fermentation [9] . Many microorganisms including yeast and bacteria convert the sugar and glucose to biofuel. However, there are some limitations in using various microorganisms for this resource because of the fact that the strains used for fermentation are mesophilic microorganisms which need extra operation cost and have some risk of contamination during bioethanol production [10] - [12] .
In this study, we have tried to identify some thermotolerant microorganisms from the natural fermented sources of Bangladesh for bioethanol production. There are several potential benefits of thermotolerant microorganisms specially yeast for using in the production of industrial bioethanol which are as follows: thermotolerant yeast exhibits rapid metabolic activity and a high fermentation rate with high product output [13] . The viscosity of the fermentation broth decreases with increasing temperature [14] [15] . Therefore, the energy required to maintain proper agitation of the growth media is reduced [2] [16] . The metabolic activity of microbes and frictional effects of agitation serves to generate large amounts of heat [17] . Thus, additional energy to maintain the vessels at the desired temperature as well as the cooling requirements after sterilization is reduced. Moreover, the chances of contaminations were also minimized [18] [19] .
Here, we have collected 18-isolates from the various locations of Bangladesh in summer 2010 where temperatures raised from 35˚C to 40˚C or above. Collected samples were characterized morphologically, physiologically, biochemically and genetically. Among them, 2-strains isolated from the Tari and Pantavat encoded Pichia galeiformis and Pichia guilliermondii, respectively, produced high amount of bioethanol under the conditions we employed here.
Materials and Methods

Sample Collection
Microbial samples were collected from the various sources and locations from Bangladesh in summer where temperatures fluctuate between 35˚C -40˚C. Our targeted sample collection sites were Tari (an overnight natural fermented palm (Phoenyx robusta) juice at around 35˚C -40˚C), Pantavat (Pvt) (an overnight natural fermented rice in tap water at around 35˚C -38˚C), Sugarcane juice (Scj) from the street and decomposed food materials (Dfm) from markets. Other sources can also be considered where necessary.
Tari is a local name of sap of palm tree (Phoenyx robusta), which was collected in a pot from the xyleme tissue. This pot can carry about 15 -20 liters of palm juice collected in 12 h. Three samples (upper, middle and bottom layers) were collected separately from the pot by using sterilized glass pipettes and the Tari mixed sample was collected after mixed upper, middle and bottom layer sample by mixer and then collected sample from the middle position of the pot.
Total 18-samples containing various thermotolerant microorganisms were collected for several analysis shown respective section below. Among them 6from Tari (Tari-1,Tari-2,Tari-3, Tari-4, Tari-5, and Tari-6); 2 from Pantavat (Pvf-1 and Pvf-2); 6 from Sugarcane juice (Scj-1, Scj-2, Scj-3, Scj-4, Scj-5 and Scj-6and 4 from Decomposed food materials (Dfm-1, Dfm-2, Dfm-3 and Dfm-4) were collected and preserved short time where necessary. Cultural, morphological, physiological, biochemical and genetical analysis were carried out under various physiological conditions. In addition, here we introduce promising one thermotolerant yeast, Klu (Kluyueromyces marxinus) as an internal thermotolerant control strain, which was gifted by Professor Mamoru Yamada, Yamaguchi University, Japan.
Collection and Isolation of Thermotolerant Microorganisms
Sample collection was carried out from April to June, 2010 in summer where temperatures fluctuate from 33 -40˚C by an enrichment technique in media containing sugar cane juice (8% total sugars), 0.05% (NH 4 ) 2 SO 4 and 4% (v/v) ethanol at pH 4.5 [14] . After inoculation, cultures were incubated for 3 days in a rotary shaker at a predetermined temperature with shaking speed of 160 rpm. Enriched cultures were then streaked on agar plates containing the same medium and inoculated at various temperatures. Purified yeast cultures were kept on YPD agar plates and slants (1% yeast extract, 2% glucose, 2% peptone and 2% agar) and then stored at 4˚C until use. Thermotolerant yeast strains were selected based on their growth performances at various temperatures like 37˚C, 40˚C and 42˚C and other stresses [20] . Cultures were then collected and screened further for their ethanol production efficiency on above temperatures.
Screening Thermotolerant Microorganisms
Collected microorganisms were used for isolation/screening purposes. In order to find out their optimum growth environment, experiments were carried out in both solid and liquid medium under different physiological conditions. To understand the thermotolerant nature of the isolates they were grown on ranges of temperature (35˚C -45˚C). Microscopic studies were used to identify strain morphologically, after exposed to various physiological conditions during their growth and multiplication [21] . Furthermore, sequencing of 26S rDNA (Yeast D1/D2 region) was carried out further for identification/screening microorganisms from the large populations.
Microscopic Observation
Thermotolerant microbes were grown in both the YPD solid and the liquid medium in Pettri-plates and flasks, respectively, under various physiological conditions. Cells were harvested by mild centrifugation (5000 rpm for 5 min) and then prepared for microscopic study. In brief, cells were washed, fixed and stained with 5 μg/ml DAPI (nucleoid specific dye, which binds tightly where nucleic acids are available and stained in blue color). Fluorescent and phase contrast microscope was used for characterization thermotolerant yeasts morphologically as described previously [22] .
Selection of Thermotolerant Microorganisms for Bioethanol Production
Selection microorganisms for high ethanol production were conducted independently under various medium temperatures, pHs, and carbon sources as described in the results section. Inoculums were prepared by transferring one loop full of 24 h culture grown on a plate of YPD agar to an Erlenmeyer flask containing 50 ml of a sugar cane juice medium as described above. The inoculums were transferred at the rate of 1% to the screening medium, followed by incubation on a rotary shaker at various temperatures ranging from 30˚C to 42˚C in 250 ml Erlenmeyer flasks containing 100 ml of a basal sugar cane juice medium composed of sugar cane juice supplemented with glucose up to 18% total sugars and 0.05% (NH 4 ) 2 SO 4 [14] . Glucose concentrations were varied from 16% to 22% (v/v), differing by 5% (v/v) from one flask to the other.
Bioethanol Fermentation
One loop-full of yeast colony was taken from YPD Agar plate of 24 h culture into sterile 10 ml distilled water in test tube, which was shaken well by vortex mixer to dispense the cells into a homogenous suspension. One millilitre of suspension (about 10 8 viable cells) was inoculated to 100 ml Basal media in 250 ml conical flask on a 160 rpm rotary shaker for 24 -72 h [14] . The yeast count was determined by using Neubauer counting chamber (Japan). The standard concentration of the inoculums (10 8 cells/ml) was prepared by the appropriate dilution with sterile distilled water.
Bioethanol Estimation
Ethanol produced in the fermentation medium was estimated by titration (potassium dichromate oxidation) method. Fresh potassium dichromate (33.882 g/l), ferrous ammonium sulphate (135.5 g/l) and diphenylamine (0.5 g/100ml concentrated H 2 SO 4 ) solutions were used as reagent for estimation of ethanol concentration. The fermented sample was diluted ten times with distilled water. Ten millilitre of the diluted sample was distilled against K 2 Cr 2 O 7 (10 ml) containing concentrated H 2 SO 4 (5 -6 ml). Then distilled product was titrated against freshly prepared ferrous ammonium sulphate solution with diphenylamine as an indicator. Appearance of green color indicated the end point of the titration. Burette reading (amount ferrous ammonium sulphate) will be recorded to calculate the amount (in percentage) of bioethanol present in the sample.
DNA Sequencing
Overnight cultures of different strain background were collected for DNA extraction, purification, PCR and sequence purposes. The cells were washed once with distilled water, resuspended with 2 ml of distilled water. One ml of cell suspension was collected onto the 1.5 ml micro-centrifuge tube. After centrifugation, excess water was removed from the micro-centrifuge tube, and the cells were stored in a freezer (−20˚C) until use. Genomic DNA was separated and purified by using DNA extraction kits (Takara, Japan). The yeast D1/D2 domain was amplified by PCR with forward primer and the reverse primers of NL-1 and NL-4, respectively [(forward Primer NL-1: (5'-GCATATCAATAAGCGGAGGAAAAG-3'), (reverse Primer NL-4: (5'-GGTCCGTGTTTCAAGACGG-3')], [23] . The PCR product was checked by Agarose gel electrophoresis, purified using the ABI BigDye terminator Cyclo sequencing Kit Version. 3.1 (Applied Biosystem, California, USA) with the external primer IL-1 and IL-4 [24] . The sequences were determined with PRISON BIO genetic Analyzer (Applied Biosystems, California, USA) according to the instructions of the manufacturer. The sequence compared pair-wise using the BLAST homology search.
Result and Discussion
Thermotolerant Microorganisms Collected from the Various Natural Fermented
Sources of Bangladesh
Thermotolarent microorganisms were collected from various natural fermented sources of Bangladesh in summer where temperatures fluctuate from 33˚C -40˚C. In this period many natural fermented products are available. Sample was collected from April to June 2010 and the detail procedure for sample collection was described in the Materials and Methods. We have collected 18 samples. Among them six were collected from Tari (Tari-1, Tari-2, Tari-3, Tari-4, Tari-5, Tari-6); two were isolated from Pantavat (Pvt-1 and Pvt-2); six were collected from Sugarcane Juice from the street (Scj-1, Scj-2, Scj-3, Scj-4, Scj-5, Scj-6); and four were isolated from Decomposed food materials (Dfm-1, Dfm-2, Dfm-3 and Dfm-4). Various fermented samples are shown in Figure  1 and the detail sample descriptions (name, sources, collection site, time, temperatures etc) are mentioned in Table 1 . Collected samples were started to screen morphologically, physiologically, biologically and genetically to cheek their abilities to produce bioethanol. Results are shown in respective section below.
Morphological Characterization of Thermotolerant Yeasts
Collected samples were grown in various conditions including medium carbon sources, temperatures and pHs. The detail procedures for morphological characterizations are described in the Materials and Methods. Morphological study was carried out by using fluorescent microscope, after various cells was grown to YPD liquid medium. Collected cells were washed, fixed and stained with DAPI. A typical Fluorescence and phase contrast microscopic images of various isolates are shown in Figure 2 . Among them, Pvt-1, Scj-1, Pvt-2 and Tari-6 showed both fluorescent and phase contrast images (Figure 2 , top left and right panel). On the otherhand, only phase contrast images are shown in case of Tari mixed sample and one internal control, Klu. Among the 5-different strains analyzed here, we could observe different shapes and sizes of cells as well as their structures and organizations of intact cell-nucleoids. Because, florescence dye DAPI bind nucleoid area onto the cell where nucleic acid and several DNA-binding proteins are associated and make compact structure called nucleoid. On the other hand, phase-contrast image detects cell shape and size only. These results indicate that our isolates covered var- Figure 2 top right panel), indicate that these strains might be involved in succession process which may converted alcohol to other components like acetic acid. Because, when naturally fermented Tari kept at relatively longtime its taste gradually charges from sweet to sour.
Physiological Characterization of Thermotolerant Yeasts
Various physiological parameters for growth of at least 7-thermotolerant yeasts were recorded here. Among them, different carbon sources, temperatures and pHs were checked and the results are shown below. Three carbon sources (Dextrose, Arabinose and Xylose) were independently added in the medium and check their sensitivity test under different tested temperatures and pHs. Thermotolerant yeasts were grown in solid media containing either YPD or YPX and their growth was recorded after incubating at various mentioned temperatures and pHs for 2 days are shown in Figure 3 . The shapes, sizes, textures, colors and colony surfaces were measures under identical condition. All strains could grow well in the medium supplemented by Dextrose and Arabinose (data not shown). However, when we added Xylose instead of either Dextrose or Arabinose, only strain Pvt-1 isolated from Pantavat could grow well (Figure 3) . This result concluded that the strain isolated from Pantavat is one of the potential candidates for bioethanol production, which may use Xylose as a sole carbon source at high temperature fermentation [10] [25] [26] . Furthermore, medium growth temperatures effect was monitored in temperatures ranges from 23˚C -42˚C. Two-carbon sources (YPD and YPX) were applied in solid agar plates. Among the result of various temperatures sensitivity test which are shown in Table 2 , comparatively slow and rapid growth was observed at 23 and 37˚C, respectively. This result again concludes that the all yeast stains were grown well at 30˚C -42˚C in YPD medium. However, in YPX medium no growth was seen except Pvt-1 strain as mentioned before. Under the condition we employed here, maximum growth was observed in both carbon sources at 37˚C in Pvt-1 strain, demonstrates that this strain may have ferment Xylose in addition to other carbon sources to produce bioethanol [27] [28].
Biochemical Characterization of Thermotolerant Microorganisms
The optimum temperature, which gave the highest cell dry weight, was at 37˚C and temperature higher than 40˚C, the growth of maximum yeasts was decreased ( Table 2) . Bioethanol fermentation was investigated at temperature higher than optimum temperature as shown in Figure 4 top panel. Because, yeast currently used for Here, Top plate 1 and 2 represent 2-days old YPD and YPX agar plates, respectively, which were grown at 37˚C, while bottom plate 3 and 4 represent 2-days old YPD and YPX agar plates, respectively, which were grown at 42˚C. It is clear that the strain Pvt-1 (Pichia guilliermondii) isolated from the Pantavat could grow well in both YPD and YPX medium, among the 6-thermotolerant Yeasts were screened. industrial fermentation is rapidly inactivated at 33˚C -35˚C [29] . Significant cooling costs would be eliminated, especially during the summer or in tropical countries, with fermenting temperatures of 40˚C and above. Only a few screening surveys have been carried out for the ability of yeasts to grow in a flask at or above 40˚C [14] [19] [21] . Cells were grown to the YPD medium for 3-days in different mentioned temperatures. Cells were collected and bioethanol production rate was measured as described in the Materials and Methods. The minimum 3.5 to maximum 7.5% v/v bioethanol were estimated from various tested temperatures as shown in Figure 4 . Among the different strains were examined here, Tari-6 gave the highest bioethanol at various tested temperatures. The highest 7.5% (v/v) and the lowest 6.0% (v/v) bioethanol were estimated from the strain Tari-6 at 37˚C and 42˚C, respectively. This result concludes again that the optimum cell growth correlated with the maximum production of bioethanol at 37˚C as suggested previously [11] [30] . Medium pH is an important determinant for bioethanol production. Yeast cells can increase fermentation in acidic condition [31] . Therefore, we have checked bioethanol activity after cultured cells in medium containing various pHs, which was adjusted by adding either 1N HCl or 1N NaOH according to the protocol developed by [32] . Cell growth rate was increased along with the pH level increase from 4.0 to above (data not shown). No more significant different was observed on the growth rate at pH 4.5 to 7.0, but beyond that the growth rates were decreased (data not shown). However, medium pHs had an important impact on bioethanol production. Maximum and minimum bioethanol production was observed when medium pHs was 4.5 and 7.0, respectively, as shown in Figure 4 bottom panel. Different samples have different rates of bioethanol production. Samples isolated from the Tari-6 and Sugarcane juice (Scj-4) produce maximum up to 7.0% and minimum up to 3.0%, bioethanol, respectively, when the medium pH was 4.5 ( Figure 4) .
Genetical Characterization of Thermotolerant Yeast
Finally, tested yeast strains were analyzed genetically using 26S rDNA sequencing in order to know their genetical identity, especially in genus level. Sample preparation, PCR amplification and DNA sequencing procedures Figure 4 . Effect of growth temperatures and medium pHs on bioethanol production. Cells were grown under various growth temperatures (top) and medium pHs (bottom) and their bioethanol content were measured. Procedure for sample selection, culture and harvested for bioethanol production are shown detail in the Materials and Methods.
were described in the Materials and Methods. Figure 5 shows the growth of 3-starins in YPD medium (top left) and Agarose gel electrophoresis patterns of 3-PCR amplified Yeast D1/D2 fragments isolated from Sugarcane juice, Tari and Pantavat (bottom left), each represents about 500 base pairs of DNA sequences. Among them, only 161 nucleotide sequences of each of 3-strains were shown in Figure 5 (right panel), which were compared with other yeast D1/D2 region from GenBank, EMBL and DDBJ databases. Results from the BLAST analysis revealed that the strain isolated from natural fermented products Pvt-1 encoded Pichia guilliermondii, Scj-1 encoded Saccharomyces cerevisiae, Tari-4 encoded Pichia kudriavzeii and Tari-6 encoded Pichia galeiformis are shown in Table 3 .
Conclusion
In this study, our main target was to identify some thermotolerant microorganisms from the natural sources of Bangladesh for bioethanol production. After screening 18 samples morphologically, physiologically, biochemically and genetically (DNA sequencing), here we have concluded that the isolates from the Tari (Pichia galeiformis) and Pantavat (Pichia guilliermondii) are potential thermotolerant microorganisms produced higher Table 1 ). Gel was stained with Ethidium Bromide and photographed. Among them, about 500bp PCR-amplified yeast D1/D2 fragment are shown. Right side showed 26S rDNA sequences (161 nucleotides) of three-yeast strains used for stain identification. amount of bioethanol under the condition we employed here. Further research is required to establish temperature conditions and various parameters for optimum growth and production of bioethanol in laboratory scale [33] .
